Objectives: To assess gaps between guidelines and medicine prescription/dosing and referral for defibrillator therapy in patients with left ventricular systolic dysfunction (LVSD).
INTRODUCTION
Heart Failure (HF) has a high prevalence and is associated with substantial morbidity and mortality [1] . Although medical and device therapies have decreased the rate of hospitalizations and mortality,the prevalence and incidence of HF continue to increase [2, 3] . When used at recommended doses, medical therapies such as angiotensin converting enzyme inhibitors (ACEi), angiotensin receptor blockers (ARB), and beta blockers (BB) have been shown to decrease morbidity and mortality in patients with left ventricular systolic dysfunction (LVSD)and HF [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In addition, the use of implantable cardiac defibrillators (ICD) has been shown to decrease mortality in patients with LVSD [19] [20] [21] [22] . The Canadian Cardiovascular Society (CCS) guidelines recommend prescription of these medications at the indicated target doses in patients with LV ejection fraction <40%, regardless of symptoms; in addition, the accepted threshold EF for consideration of ICD referral in *Address correspondence to this author at the Department of Epidemiology and Biostatistics McMaster University, Echocardiography, Hamilton Health Sciences, 237 Barton St. E. CVSRI #C3 111, Hamilton, ON, Canada L8L 2X2; Tel: 905-527-4322; Ext: 40327; Fax: 1-905-577-1424; E-mail: hisham.dokainish@phri.ca Canada is <30% [5] . Prior studies have reported varying prescription rates of ACEi/ARB, and BB in patients with LVSD or HF [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Furthermore, a considerable portion of patients that have been prescribed ACEi/ARB and BB are on less-than-target doses which may diminish the benefits of these therapies in regards to HF morbidity and mortality [5] [6] [7] [33] [34] [35] [36] . Likewise, while ICD implantation rates are increasing, there are some preliminary data suggesting gaps in referral rates for ICD in patients with LVSD [37] [38] [39] . Yet, the existence and potential size of gaps in prescription and dosing of HF medicines and referral for ICD in Canadian patients are not well described, and the reasons for these potential gaps are not well understood.
METHODS
The study protocol was approved by the Research Ethics Board of Hamilton Health Sciences. This was a retrospective study of outpatients referred for resting transthoracic echocardiography at Hamilton Health Sciences facilities between January 1, 2009 and December 31, 2010. The echocardiographic database was screened to identify all outof-hospital patients (outpatients) with LVEF<40%, and a questionnaire was mailed to the physician who ordered the echocardiogram with patients LVEF<40%. The questionnaire asked the referring physician questions about prescription of ACEi, ARB, and BB along with the dose prescribed. If an ACEi, ARB, or BB was not prescribed, the physician was asked to indicate the reason(s) for nonprescription. Target doses for all medications were acquired from CCS HF guidelines [5] , with the exception of fosinopril, quinapril, and losartan which were obtained from American College of Cardiology/American Heart Association HF guidelines [6] , as the CCS HF guidelines did not include target doses for these medications.
For patients with EF <30%, physicians received an additional question regarding ICD referral,which also asked potential reasons in case of non-referral. Questionnaires were sent >6 months after the echocardiogram was performed to allow sufficient time for the referring physician to make a therapeutic decision based on the echocardiography results, and titrate medicines to target doses. Echocardiogram reports performed on hospital inpatients were excluded in this study as LV dysfunction in acutely ill hospital inpatients could be due to transitory causes (sepsis, electrolyte/renal/endocrine disturbance, acute ischemia, tachycardia) or other acute noncardiac issues which may impact decisions on medicine prescription and titration of doses as well as ICD referral.
All patient information and data were anonymized. The physician was asked to return the questionnaire by fax. If the questionnaire was not received after 10 days, a reminder was sent by facsimile the following day (day 11). Similarly, if the questionnaire was still outstanding, another reminder was sent after 21 days by facsimile, then at 36 days by telephone call. If after 56 days the questionnaire had not yet been received, a second copy of the entire questionnaire was mailed. Once received, data from the questionnaire was entered into the database. Patients were excluded from analysis if the referring physician failed to return the questionnaire, returned the questionnaire but did not complete it, or if the patient was reported as deceased since the time of echocardiogram, as current medications and doses were not available for deceased patients.
Statistical Methods
Continuous variables are reported as mean (standard deviation [SD]), and dichotomous variables are displayed as frequency (%). Comparisons for continuous variables were tested with independent t-test, for nominal variables with chi-square test, and for ordinal variables with chi-square for trend (Gamma). These tests were conducted as two-sided tests with a confidence interval of 95%, and p-value <0.05 was considered significant. Analyses were performed using SPSS for Windows v.14.0 (IBM, 2007).
RESULTS
Of the 4523 outpatient echocardiograms performed during the study period, 576 (12.7%) were reported as having LVEF <40%. Therefore, 576 questionnaires were mailed to 352 referring physicians, of which 371/576 (64.4%) were returned. In 51/371 (13.7%) of patients, the questionnaires were returned stating that the patient had deceased since the echocardiogram was performed and these patients were excluded from analysis. Incomplete questionnaire were also excluded from analysis (13/371, 3.5%). Therefore 309/576 (54%) questionnaires were analyzed. The mean age of the study population was 69.4 ±11.2 years (range= 38.5-89.4 years), the mean LVEF was 29.9 ±6.4% and 230/309 (74.4%) were male. 15/309 (4.8%) patients were on no medical therapy. Physicians answered questions regarding HF symptoms for 245/309 (79.3%) of patients and 59/245 (24.1%) patients were reported to have at least one HF symptom.
Medicine Prescription Rates and Dosing
Among 309 LVSD patients, 256 patients (83.1%) were prescribed BB, compared to 190 for ACEi (61.5%) and 73 for ARB (23.6%); 260 patients (84.1%) were on ACEi and/or ARB, and 3 patients were on both ACEi and ARB (p=NS for BB vs. ACEi/ARB) ( Table 1 ).The specific medication types and the proportions in which they are prescribed are shown in Figs. (1, 2 and 3) , respectively. ACEi doses were most frequently at target dose (42.1%), followed by ARB (15.5%), and BB (3.5%) (ACEi vs. ARB: p = 0.000184; ACEi vs. BB: p < 0.0001; ARB vs. BB: p < 0.0001, Table 2 ). The likelihood of a patient receiving medical or device therapy was not significantly different between those with and those without HF symptoms ( Table 3) . 
Referral for ICD
Of 173/309 (56%) patients with EF <30%, 2/309 (0.6%) did not have information about ICD referral complete on the questionnaire and were therefore excluded from analysis. Of the 171/309 (55.3%) remaining patients with LVEF<30%, 72/171 (42.1%) already had an ICD implanted, and 16/171 (9.4%) had been referred for an ICD. Therefore, 88/171 (51.5%) patients identified as qualifying for an ICD (by EF criteria alone) had an ICD or were referred for one. Patients with EF <20% were numerically (but not statistically) more likely to be referred for or receive an ICD (28/44, 63.3%) compared to patients with an EF 21-30% (60/129, 46.5%; p=0.061 for comparison).
Barriers to Medical and Device Therapy
ACEi or ARB was not prescribed to 15.9% (49/309) of the study population. The most common reasons given by physicians for patients not on an ACEi/ARB were "renal dysfunction" (30%), "cardiac function improved" (24%) and "hypotension" (14%, Fig. 4) . For BB, 53/309 (17.1%) of patients were not on this medication, in whom "hypotension" (25.4%), "cardiac function improved" (18.2%) and "asthma/COPD" (16.4%) were reported as reasons for nonprescription (Fig. 5) . For ICD, 83/171 (48%) patients with LVEF<30% were not referred or did not have an ICD in whom, "does not qualify" (43.3%), "not recommended by cardiologist" (23.3%) or "poor quality of life" (9%) were identified as reasons for non-referral (Fig. 6) .
DISCUSSION
This is the first study, to our knowledge, to provide comprehensive analysis of prescription rates and dosing of evidenced-based medical therapy, rates of ICD therapy, and analysis of barriers for Canadian outpatients with LVSD. The major findings are that, for physicians referring patients for evaluation to this Canadian academic hospital centre, relatively high proportions of outpatients with LVEF <40% Fig. (3) . Type of BB Prescribed for the 256 Patients Prescribed BB. BB=beta-blocker. were on evidence-based medical therapy; however, these medications were generally not at target doses. In addition, for outpatients with LVEF <30%, approximately half either have an ICD or were referred for one. Furthermore, potential barriers to prescription of evidence-based medicine and referral for ICD, as described by the referring physician, were identified.
While there are some data assessing prescription rates of evidenced-based medication in hospital inpatients with LVSD, comparative studies in outpatients are relatively few, and data in Canadian outpatients did not, to this point, exist. In a German study of 167 outpatients with LVSD (mean LVEF 33+/-6.9%), among the placebo arm, 88.8% of the study population were prescribed an ACEi or ARB, and 80.5% a BB [23] . In a survey of cardiologists in France, patients with LVEF<40% had ACEi prescription rates of 71%, ARB of 23.6% and BB of 65% [24] . In a 2003 study from the VA system in California, among 650 patients 64% were on ACEi/ARB and 50% were on BB [26, 27] . In a study of 1613 managed care outpatients in the United States with moderate or severe LVSD in 2002, 72.3% were on ACEi and 67.9% were on BB [30] . In a review of the literature performed in 2000, 26% of community-dwelling HF patients were on ACEi, compared to 71% discharged from hospital with known LVSD [29] . Thus, compared to prior data from other countries, BB prescription rates may be somewhat higher among in outpatients with LVSD referred for echocardio-graphy at our academic hospital centre in Fig. (4) . Physician-Reported Barriers to ACEi/ARB Prescription. ACE=angiotensin converting enzyme. ARB=angiotensin receptor blocker. Canada, while ACEi/ARB prescription rates appeared similar.
The proportion of patients in our study on target doses of ACEi was modest, and low for both ARB and BB when compared to target doses of HF medications as indicated in the CCS 5 and ACC/AHA [6] HF guidelines. There are relatively few comparative data in prior studies on dosing of HF medications in outpatients with LVSD, and no published data, to this point, in Canadian outpatients with LVSD. In the German study, 22.7% were on target doses of ACEi, 15.2% on target doses of ACEi/ARB and 12.1% on target doses on BB [30] . The survey of cardiologists in France reported that 49% of ACEi prescriptions were at target dose, similar to 42.1% in our study, compared to 9% on target doses of ARB (15.5% in our study) and 18% on target dose of BB (compared to 3.5% in our study) [24] . A recent report from the IMPROVE HF database showed that among 7605 HF patients in the US with LVEF<35%, target dose treatment rates for ACEI/ARB were 36.1% and for 20.5% for BB [40] . Taken as a whole, prior data and that from our study suggest that, overall, relatively low proportions of patients with LVSD are on target doses of medications, and our data are novel as they are the first from outpatients with LVSD in Canada.
There is a paucity of previously published data on ICD referrals and reasons for non-referral in outpatients with LVSD, and none to this point from Canada. Data from the Get with the Guidelines Registry showed that among patients discharged from hospital in the United States with LVEF <30%, in-hospital implantation or planned implantation of ICD was 20% [37] . A study of 309 outpatients in heart functionclinic showed that MADIT-II criteria were met by 32% of patients and 51% met SCD-HFT criteria [39] . Our study therefore provides novel data, indicating that in the setting of physicians referring patients for echocardiography to an academic Canadian center approximately one half of outpatients with LVEF<30% either have an ICD or were referred for one.
There are often important reasons why patients with LVSD may not be on medical or device therapy, yet such data from the Canadian setting have, until now, been missing. A survey of cardiologists and family physicians caring for HF patients published in 1999 showed that family physicians were more likely to avoid prescription of ACEi in patients thought to be hypotensive or to have renal dysfunction [41] . A study from Spain assessing BB use in 100 HF patients >70 years old showed that, while 84% were on BB, this medication was discontinued in 8.4% [41] . A recent study from the UK describing a questionnaire sent to cardiologists indicated that a lack of knowledge of guidelines and lack of screening processes were the greatest barriers to uptake of ICDs in the UK [43] . A survey of 100 cardiologists and GPs in New Zealand has shown that 62% self-reported familiarity with ICD guidelines, while lack of financial resources (88%), of local expertise (61%), of New Zealandspecific guidelines (51%), and the referral process (43%) were seen as significant barriers to ICD referral by many participants [44] . Our study is unique in that it provides data on the proportion of outpatients with decreased LVEF that have an ICD or were referred for one, which to our knowledge has not been described, and also explores physician barriersto referral for ICD implantation in Canadian outpatients.
LIMITATIONS
The survey response rate, while 54%, compares favourably to previously published survey-based data in this field(for instance, 56% in a similarly designed survey from our centre [45] and 60% in the IMPACT-RECO survey) [24] . The patients in this study had LVSD as assessed by echocardiography, not necessarily clinical HF; however, there were no significant differences in prescription rates between patients with and without HF symptoms. This study queried physicians on prescription of medicines and referral patterns; therefore, we did not assess patient adherence to medical therapy, by methods such as checking with pharmacies or pill counts. By design, we assessed outpatients only in this study, as it was felt that, in an academic tertiary care hospital, there would be too many confounding factors affecting prescription rates for medicines and referral for ICD, such as potentially reversible LVSD due to sepsis, arrhythmia, ischemia, renal failure, and the fact that newly diagnosed LVSD in hospital would not be on target doses of medicines, as these are generally up-titrated in the outpatient setting. Furthermore, ICD referral for primary prevention generally occurs in stable patients who are medically maximized, as opposed to acutely ill or decompensated HF patients. Prescription rates and doses, as well as referral for ICD may be higher in patients referred for echocardiography at this academic tertiary medical centre, compared to patients who would not be referred to this centre or patients in smaller communities; this question would require further study. It is important to emphasize that the concept of "target doses" may be a difficult one to attain in a given patient. While HF guidelines have indicated what target doses are to be achieved for individual ACEi, ARB and BBs, the combination of these can have cumulative effects on blood pressure, heart rate and renal function and it therefore may not be safe or desirable to achieve target doses of these medications in a given patient. It also important to point out that while bisoprolol, metoprolol succinate and carvedilol are indicated for HF, 5 patients (2%) in this study were on atenolol and 2 (0.7%) were on sotalol, medications which are not specifically indicated in HF [5] . In addition, metoprolol succinate is not available in Canada, and therefore metoprolol tartrate is instead used. Finally, since this study focused on evidence-based medical and device therapy in patients with established LV systolic dysfunction by echocardiography, we did not collect detailed cardiac risk factor data on these patients, and therefore could not assess the potential impact of diabetes and other factors on prescription rates and dosing of these therapies, a direction that would be of interest in future research.
CONCLUSION
The prescription rates of evidence-based medical therapy are relatively high in outpatients with LVSD referred for echocardiography at this Canadian academic hospital centre; however, the proportion of patients at target doses was modest for ACEi and low for ARB and BB. Approximately half of the patients who qualify for ICD by EF alone have one or were referred for ICD implantation. Important reasons for patients with LVSD not on evidence based therapy were identified. These findings are novel, as data from outpatients with LVSD in Canada has not, until now, been well defined.
